. EMR has the ability to penetrate through semi solid substances especially human body's tissues and caused dielectric heating. This effect can be classified as thermal and non thermal radiation. The skin near ear skull region is very thin compare to other part of human body. When using mobile phone for a longer period of time, this area absorbs EMR easily that can affects human immune systems. This effect resulted the increased of temperature near the ear skull region. Experimental study was conducted by using a volunteer to examine the effect of EMR produced by two different mobile phones with serving frequency of 900MHz and 1800MHz. This study was done in a laboratory for average of 45 minutes of talking time. Data is collected every 5 minutes using thermal imaging camera and thermal couples' probes. It is shown that temperature near the ear-skull region increased rapidly at the average of 2-4°C differences compare to before the used of mobile phone. When using adds in tools, the temperature rose more gradually and minimally. It is proven that the EMR would not cause any adverse effect towards human health such as cancer or tumor.
INTRODUCTION
The number of mobile phone users has increased exponentially recently and mobile phone has become an important device in human daily life. Estimates suggested there are around 1.6 billion mobile phone users throughout the world and these numbers are increasing [1] . Mobile phone is a sophisticated two-way radio that use radio frequency (RF) signals to transmit and receive voice and data [2] . Mobile phone communicates with a network of low powered radio transceivers called base stations. The coverage area of the communication services is called cell. In a cell, there are seven clusters where each of them has different frequencies. Cells are interlinked next to each other to create the cellular network [3] .
GSM (Global System for Mobile Communication) is a cellular network used by mobile phone where mobile phone is connected to the cellular network by searching of cells in the immediate surrounding area [4] . GSM networks operate in four different frequency ranges which are 900 MHz band, 1800 MHz band, 850 MHz band and 1900 MHz band. GSM 900 and GSM 1800 standard are the most commonly used standard. 850 MHz band and 1900 MHz band were introduced because the 900 MHz and 1800 MHz frequency bands were already allocated [4] . GSM 1800 standard provide more bandwidth and less power requirements than GSM 900 MHz [5] . The transmission power in the mobile phone is limited to a maximum of 2 watts in GSM 850 and GSM 900 while maximum power of 1 watt in GSM 1800 and GSM 1900 [4] . The specification of GSM 900 and GSM 1800 are shown in Table 1 . Radio frequency has the ability to penetrate through semisolid substances like meat, and living tissue to a distance proportional to its power density [6] . It also can cause dielectric heating effect or thermal effect [1] [7] . Thermal effects are the temperature rise in the body cause of energy absorption from oscillating electric fields or electromagnetic radiation [8] . Thermal radiation also induced when mobile phone is used to make a call or receive a call for a long period of time. Thermal radiation is generated when heat from the movement of charged particles within atoms of the mobile phone's case is converted to electromagnetic radiation [9] . Thermal radiation of the mobile phone also related to the specific absorption rate (SAR) where it is defined as the rate of RF power absorbed per unit mass by any part of the body. SAR values are dependent on the separation distance of the body and the mobile phones. The nearer the distances of the radiation source to the human head, the higher the SAR values [10] . Fig. 1 shows the SAR pattern for two different frequencies, 900MHz and 1800MHz towards human head when using mobile phone. RF and thermal radiation can be classified as electromagnetic radiation. It is because the thermal radiation and RF radiation are radiated as electromagnetic waves when it is moving. Electromagnetic field radiation can be classify into two categories which are ionizing radiation and nonionizing radiation [11] . Ionizing radiation is the radiation which caused characteristics changes in atom or molecules and result in tissue damage. Differ from ionizing radiation, nonionizing radiation doesn't cause the characteristic changes of atom and molecule but can prompt molecules to vibrate which lead to temperature rises.
II. LITERATURE REVIEW

A. Biological effect of Electromagnetic radiation
Scientists have known that RF radiation has the ability to cause biological damage through heating effects [12] . RF radiation can affect human body because human body is made up of approximately 65-70% water, electrolytes and ions. The water molecule is a polar molecule which has positive and negative charges separated by a dipole length. Human body has its own weak electromagnetic field and each of the cells has its own electromagnetic field [13] . Weak electromagnetic fields such as RF radiation emitted from mobile phone will interact with human body and affect the human body's own weak electromagnetic fields thus interfering the body's natural healing processes.
Human body's own electromagnetic frequencies are essential to human's health, repair cells, reproduction and replication of DNA (Deoxyribonucleic acid). It will be altered by outside sources of energy such as electromagnetic and electrical radiation then caused biological effect to human. Electromagnetic and electrical radiation can cause the displacement of electrolytes and ions within the body which interfering the body's neurological system and maintaining homeostasis system. This will weaken the defense mechanism of the body as the body expends energy to redress this imbalance [13] .
B. Implications of human body towards electromagnetic radiation
RF radiation emitted from mobile phone has effects on human health which can be categorized as thermal, non thermal, genotoxical, increase probability of getting brain tumor and non-specific symptoms [14] .
Non-specific complaints had been made by mobile phone users such as symptoms like headaches, earaches, blurring of vision, short term memory loss, numbing, itchy, burning sensations, bad sleep, electromagnetic hypersensitivity exhaustion and anxiety when using mobile phone. Researchers had found that symptoms such as headache, fatigue, and difficulty in concentration were more common in people with higher exposures to RF radiation [15] . Experiments performed at STUK (Radiation and Nuclear Safety Authority) also have produced indicators that mobile radiation could cause temporary changes in the functions of cells. These functions include the functions of genes, activation of proteins, and the internal chemical communication within cells [16] .
Some studies also shown that mobile phone signals affect sleep patterns and possibly delay sleep onset cause of RF radiation exposure. In another clinical study carried out by Sweden's Karolinska Institute and Wayne State University in the US (United States), the authors suggested adverse effects on sleep quality within certain sleep stages is caused by radiation. Electromagnetic hypersensitivity happens in some users of mobile phone who reported feel several unspecific symptoms such as burning and itchy in the skin of the head, exhaustion, sleep disturbances, dizziness, loss of mental attention, reaction times and short term memory loss, headaches, depression, heart palpitations, and disturbances of the digestive system [15] .
C. Mobile Phone Protection Device
The electromagnetic radiation protection device of a mobile phone is an external device which can be added as a peripheral device of the original antenna of mobile phone [17] . This device is installed at one side of an antenna of a mobile phone can absorb 80% of electromagnetic radiation, comprises of an electromagnetic wave absorbing piece, a dielectric plate, an electronic joint loop, a negative electrode lead [17] . The electromagnetic wave absorbing piece serves to absorb the electromagnetic wave toward the user's head. The absorbed electromagnetic wave will be irradiated to the negative electrode lead of a power source through the electronic joint loop and the negative electrode lead.
Bluetooth headset and earphone are devices used for mobile phone hands free purpose. Bluetooth headset is a device using Bluetooth technology where Bluetooth frequency is used to connect to the mobile phone to let mobile phone user listen and talk in conversation hands freely. Earphone is a wired device which plug in to the mobile phone to provide mobile phone user talk hand-freely. Fig. 2 shows the mobile phone radiations wide penetrate into the human head when using the mobile phone without the mobile phone radiation protector. Fig. 3 shows the mobile phone radiations penetrate into the human head greatly reduce when using the mobile phone together with the mobile phone radiation protector [18] [19] . Figure 2 Mobile phone radiations wide penetrate into the human head when using the mobile phone without the mobile phone radiation protector [18] Figure 3 Mobile phone radiations penetrate into the human head greatly reduced when using the mobile phone together with the mobile phone radiation protector [18] III. METHODOLOGY
In the analysis of the influences of mobile phone towards human head, thermal imaging camera is used to measure the local temperature at the side of the face or the ear-skull region. Thermal imaging camera is capable to accurately measure two dimensional temperature fields with high thermal, temporal and spatial resolutions. From thermal imaging technique, indicator of the total temperature exposure caused by RF radiation from mobile phones can be created. Data will be collected based on average of 45 minutes phone operations. Two types of mobile phones will be used, with internal and external antenna operating at frequency of 900MHz and 1800MHz. Images (thermal distribution) will be collected every 5 minutes. Then, the Bluetooth and earphone is used to examine the effect of electromagnetic radiation towards the mobile protector devices. The methodology is summarized in Fig. 4 .
Analysis of Electromagnetic radiation
Mobile phone with built in antenna Mobile phone with external antenna Earphone Bluetooth device
Data will be collected every 5 minutes using thermal imaging camera The result is shown in Fig. 5 and 6 . It shows that, at 900 MHz frequency, mobile phone serves highest thermal radiation with almost 38.3ºC occurred at 35 minutes of operation. When using Bluetooth headset or earphone, it is proven that the thermal radiation is lower and heat distribution is gradually distributed around the head. The increased of temperature is only approximately 1ºC compare to body temperature before the operation. As shown in Fig. 6 , thermal distribution pattern for mobile phone operating at 1800 MHz frequency is quite the same with mobile phone operating at 900 MHz except the highest temperature is only 37.5°C which occurred at 40 minutes of operation. When Bluetooth headset and earphone are used, thermal radiation is less and more stable throughout the operation. The radiation for mobile phone operating at 1800MHz is lower compare to mobile phone operating at 900MHz. For this analysis, some factors which may affect the accuracy of the results are that a human temperature always varies with time due to the body metabolism rate. As the metabolism rate is high, the body temperature also high and vice versa. Besides that, since human body consists 65-70% of liquid, human body temperatures will always changing and temperatures of each parts of human body are different. Thermoregulatory system of human also will affect the results of experimental analysis. Thermoregulatory system is a mechanism to keep body temperature constant by balancing both heat gain and heat loss. When some part of human body temperatures is increasing, human's thermoregulatory system will distribute the increased heat to others part of human body and skin by blood to evaporate the heat. This heat distribution by blood circulatory system will cause the human body parts which are in high temperature and should continuously increase been reduced. This effect has indirectly caused the inaccurate of the results. This is proven from the result collected, at certain period of time, the temperature decreasing even as the talking time increased [19] [20] .
Another factor which will cause the insufficient results when using the real human head is the posture and gesture of the volunteer when talking through the handheld mobile. The volunteer cannot maintain the same posture and gesture on holding the handheld mobile phone, movement, sitting, head position, and handheld mobile phone position when talking through the handheld mobile phone for 45 minutes. These unavoidable movements on posture and gesture during the phone conversation will result the displacements and rotations of the head in the pictures took using the thermal camera. Besides that, extra movements of the volunteer during the experimental analysis may cause the temperature changes on the human head which were not cause by the electromagnetic radiation from the handheld mobile phone [21] [22].
V. CONCLUSION
As a conclusion, some limitation of the analysis resulted the different of readings collected throughout the experiment. One of the factors is that a human temperature always varies with time due to metabolism rate. Besides, since human body consists of 65%-70% of liquid, human body temperatures will always changing and temperatures of each parts of human body are different. Thermoregulatory system of human also will affect the results since this system balanced heat gain and heat loss of the human body. When some part of human body temperatures is increasing, this system will distribute the heat to the other part of human body and skin by blood to evaporate the heat thus reducing the effect of temperature increased. On the other hand, the used of volunteer in this analysis, also affect the result due to different posture and gesture since volunteer cannot maintain the same posture and gesture while holding the mobile phone when the experiments are conducted. Throughout the project, it can be concluded that the higher the frequency of mobile phone will produce more electromagnetic radiation (thermal radiation) towards human head when compare to mobile phone serving the lower frequency. Although the effect of thermal radiation is very low to lead to the possibility of having brain cancer, but it might cause other non-specific symptoms such as headache, heating, fuzziness, itchy for long-term period. This study is only focusing at the place located near ear-skull region, where the mobile phone is placed when talking. It is recommended that for future analysis, the study should be concentrate on the cornea of the eye that does not have the temperature regulation mechanism. Although the effect is minor, but the concern of EMR become a big issue since result shows bad effect produced from exposed animals' testing. Users should be more concern on the EMR and the used of mobile phone.
